The presence or absence of ventriculoatrial (VA) conduction in the human heart is assessed by investigating whether 1:1 retrograde atrial capture is observed during constant cycle length ventricular pacing. In this study, a new pacing protocol for assessing VA conduction was designed in which the ventricular extrastimulus was delivered during basic ventricular and atrial simultaneous pacing (VE-VASP method). The effect of this pacing protocol on VA conduction was investigated in 12 patients who showed no evidence of VA conduction with the constant cycle length ventricular pacing method. In 5 of 12 patients, intact VA conduction was demonstrated with the VE-VASP method, while VA conduction was not observed in the remaining 7 patients. These results suggest that VE-VASP method sometimes demonstrates the presence of intact VA conduction in patients who show no evidence of VA conduction during constant cycle length ventricular pacing. 
SUMMARY
The presence or absence of ventriculoatrial (VA) conduction in the human heart is assessed by investigating whether 1:1 retrograde atrial capture is observed during constant cycle length ventricular pacing. In this study, a new pacing protocol for assessing VA conduction was designed in which the ventricular extrastimulus was delivered during basic ventricular and atrial simultaneous pacing (VE-VASP method). The effect of this pacing protocol on VA conduction was investigated in 12 patients who showed no evidence of VA conduction with the constant cycle length ventricular pacing method. In 5 of 12 patients, intact VA conduction was demonstrated with the VE-VASP method, while VA conduction was not observed in the remaining 7 patients. These results suggest that VE-VASP method sometimes demonstrates the presence of intact VA conduction in patients who show no evidence of VA conduction during constant cycle length ventricular pacing. reported that DDD pacemaker-related endless loop tachycardia , in which intact VA conduction is essential, occurred in patients who had shown no evidence of VA conduction with constant cycle length ventricular pacing during preimplantation electrophysiologic studies. Moreover, the reversible nature of "no VA conduction" has been previously demonstrated with atropine.3),5) Considering these observations, a more sensitive method for detecting any evidence of intact VA conduction may be necessitated.
In this study, a new pacing protocol for assessing VA conduction was designed in which a ventricular extrastimulus was delivered during basic ventricular and atrial simultaneous pacing (VE-VASP method). The effect of this pacing protocol on VA conduction was investigated in 12 patients undergoing electrophysiologic studies who showed no evidence of VA conduction with constant cycle length ventricular pacing.
MATERIALS AND METHODS
Twelve patients (7 males and 5 females), ages 26-67 years, were selected from those undergoing electrophysiologic studies in our laboratory for a variety of cardiac arrhythmias (Table I ). The procedure was explained to all patients and signed consent was obtained. All were in sinus rhythm and none was taking cardioactive medications at the time of the study. Ten of the 12 patients were included in this study because they showed no evidence of VA conduction during constant cycle length ventricular pacing. The remaining 2 patients (patients 2 and 4) were included because VA block was produced by drugs (aprindine 100mg in patient 2, verapamil 10mg in patient 4). However, both showed intact VA conduction before drug administration. For these 2 patients, data after administration of the drugs will be presented (Table II) . Electrophysiologic studies were performed with the patients in a lightlysedated, postabsorptive state. Under local anesthesia, three electrode catheters with a 1cm interelectrode distance were inserted percutaneously through the femoral veins. A bipolar electrode catheter was positioned across the tricuspid valve for His bundle recording. A second quadripolar electrode catheter was positioned in the region of the high right atrium. The proximal two electrodes were used for recording of the high right atrial electrograms and the distal two electrodes for right atrial stimulation. A third bipolar electrode catheter was positioned at the right ventricular apex and utilized for ventricular stimulation. A fourth bipolar electrode catheter with a 2cm interelectrode distance was positioned within the esophagus for recording of the posterior left atrial electrograms. These intracardiac and left atrial electrograms were displayed simultaneously with standard electrocardiographic leads I, II and V1 on a multichannel oscilloscope (Fukuda Denshi, MCM-8000), using filter settings between 50-500Hz and recorded on magnetic tape (SONY, UFR-6730). The recordings were subsequently reproduced on a Mingograph 804 ink-jet recorder (Siemens-Elema) or on a thermal recorder (Fukuda Denshi, RF-80) at a paper speed of 100mm/sec. Pacing stimuli were provided by a programmable digital stimulator (San-ei Sokki, 3F-51) with a strength of approximately twice diastolic threshold and a duration of 2msec. Incremental atrial pacing and atrial extrastimulus testing were performed according to conventional stimulation techniques. Incremental atrial pacing was begun at rates slightly faster than sinus rhythm and the paced rate was then increased in 10 beats/min steps until second-degree atrioventricular (AV) block was noted.
The absence of VA conduction was judged by constantly pacing the ventricle at several cycle lengths ranging from one slightly shorter than the sinus cycle length to 300msec. Constant ventricular pacing at each cycle length was continued for 10-30sec and the possibility of VA conduction during isorhythmic AV dissociation was carefully excluded.
New method for assessing VA conduction Following the constant cycle length ventricular pacing , ventricular extrastimulus testing was performed during basic ventricular and atrial simultaneous pacing to assess the presence or absence of VA conduction (VE-VASP Fig.2 . The VE-VASP method (patient 10). The basic cycle length during ventricular and atrial simultaneous pacing is 750msec in each panel. At S1S2 of 800msec (Panel A), the extrastimulus (S2 or V2) is conducted to the atrium with a VA conduction time of 275msec. At S1S2 of 750msec (Panel B) the extrastimulus is conducted with longer conduction time (395msec), resulting in an AV nodal reentrant ventricular echo (Ve).
The appearance of the low right atrial (A'2) and the high right atrial (As) electrograms is virtually simultaneous and it is assumed that intraatrial collision takes place between the sinus and the retrogradely conducted impulses.
At S1S2 of 700msec (Panel C) the extrastimulus is blocked retrogradely and the atrial depolarization of sinus origin (As) follows and is conducted to the ventricle. The interval between the last A1 and As is longer that the sinus cycle length (900msec , Table II ) because of the effect of overdrive suppression by the basic atrial drive. S1, V1 and A1 represent the stimulus artifact, the ventricular and the atrial electrograms of the basic drive beats, respectively. S2, V2 and A'2 represent the stimulus artifact, the ventricular and the atrial electrograms of the ventricular extrastimulus beats, respectively. Fig.3 .
The VE-VASP method (patient 3). The basic cycle length during ventricular and atrial simultaneous pacing is 600msec in each panel. At any coupling intervals (710msec in Panel A , 590msec in Panel B and 270msec in Panel C, respectively), the extrastimuli are never conducted to the atrium.
It is noted from Panel C that the VA block site is located in the AV node, since the retrograde His bundle deflection (H'2) is not followed by an atrial depolarization . ESO=posterior left atrial electrograms recorded from the esophagus . intervals shorter than the basic cycle length were never conducted to the atrium (Fig.2) .
The retrograde His potential derived from the ventricular extrastimulus was recorded in 11 of the 12 patients; a His-atrial block was documented in all cases. In the other patient (patient 6) , the retrograde His potential was never recorded. Considering that anterograde studies demonstrated an AV block within the His-Purkinje system in this case , stimulus-His block seemed to be likely.
DISCUSSION
This study demonstrates that VA conduction sometimes can be elicited with the VE-VASP method in patients displaying no evidence of VA conduction with constant cycle length ventricular pacing. The VE-VASP method itself was previously described by Akhtar et al7) and Josephson et al.8) These authors, however, utilized this VE-VASP method, not for the purpose of assessing VA conduction in patients showing no evidence of VA conduction with constant cycle length ventricular pacing, but for the purpose of preventing supraventricular captures from altering refractoriness by producing sudden changes in basic cycle length in patients with AV dissociation during constant ventricular pacing.
Electrophysiologic mechanisms Previous studies9),10) on animal models showing intact VA conduction during basic ventricular drive demonstrated that simultaneous retrograde and anterograde activation of the AV junction can facilitate VA conduction of a subsequent ventricular impulse. In these studies, it has been proposed that simultaneous dual excitation of the AV junction shortens the total activation time and results in an earlier recovery and facilitation of subsequent conduction. Although the present study differs from previous ones in that it deals with only patients showing no evidence of intact VA conduction with constant cycle length ventricular pacing, demonstration of intact VA conduction with the VE-VASP method may be ascribed to similar mechanisms. For example, the discrepancy between the constant cycle length ventricular pacing method and the VE-VASP method may be explained by the schema in Fig.  4 . Although the ventricular stimulus (V1) is delivered well outside the refractory period (RP) of the AV junction, during constant cycle length ventricular pacing (Fig.4-A) the stimulus cannot be conducted to the atrium because the sum total of AV conduction time, RP of the AV junction and VA conduction time exceeds the sinus cycle length. However, the extrastimulus (V2) in the VE-VASP method (Fig.4-B) can be conducted to the atrium because the sum total of the RP of the AV junction and VA conduction time is shorter than the sinus cycle length. Conversely, when the sum total of AV conduction time, RP of the AV junction and VA conduction time is shorter than the sinus cycle length, VA conduction can be demonstrated during constant ventricular pacing, as is inferred from Fig.4 -A. By contrast, when the sum total of RP of the AV junction and VA conduction time exceeds the sinus cycle length, VA conduction can never be demonstrated, even with the VE-VASP method (Fig.3) .
In patient 10, intact VA conduction was demonstrated only when the extrastimuli were delivered at coupling intervals equal to and longer than the basic cycle length of 750msec (Fig.2) .
This finding indicates the importance of later extrastimulation, because, if extrastimuli were delivered only at coupling intervals shorter than the basic cycle length, the presence of VA conduction would be overlooked. In this study, no evidence of intact VA conduction was demonstrated with the VE-VASP method in 7 of 12 patients. It is yet to be determined whether VA block in these patients is a permanent organic block or reversible functional block which depends upon the relationship between the sinus cycle length and the sum of the refractory period and VA conduction time .
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